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1. INTRODU~ION

This report is a companion to an earlier reprt’ detiing the concepts for
chem~cal procestig of the actinide blanket of an ameleramr+ased tranamutat.mn
system. We present hen the detaild reeuke of a steady-mtate flowsket model of
the process baeed upori the COmmernd ASPEN PL15 flowaheet simulation sofkware
There are four primary eections to the flowsheet for the overall pmess, conmsung
of

9

●

●

●

Dmsolution of the fd stream t%omtbe tnmamuter blanket,

Fast ion emhmge recovery of .~II and Pu,

Separation of sctimidea, lanthnides, and fiaeion ~ucte, and

Waeta etream treatmaat.

lnRef. l,thodiaduti~ 8tepw89depicWdin Figure 2sthefhst mc0verystep
mFlgum9, theactMMhn~ ~tion~b~4aad6, and the
waste tr,mnent~inP’igure 6, lkcbof~f~tionsis mddcdasa
separate AsPES PLUS fhdi90~ Communi=tion b.- UiOdd9 b ●Mphh8d

by saving the exit atmama flow- of one medal and 19t8r retrieving them as feed
stream fiOWS of d~ ~ in other modala.

IL CHEMXCAL COMXNWNTS MODELED

The componant9 mdahd iadu& both the matatis in the Umaamutar blan-
ket and b chemiala ud w ~ these materimls. Components prwmt LSI
the tmnamu= M mm M8MfH by their daumtal tip only, and are
not moddd in thdr trua ~al spsdationm This raWkt&n is mada --
becauw of tin -W ofphydd ~ dab ●vai!ablo for moat of tha actinide
md 6uioa products -t in tho ~, Since the mdeling effort ●t preeent
●mpltaskn matdal ~ in tb different flow otreama, and not the Aem
d@mic Imhavior
rquired.

The el~mental
follmving

of tba oystamt little physical

canpomata moded in the

● The ti fiumn ~tutJ .~r, Zr, Tc, h, Pd,

pmparty information u ●ctually

tmnamuter blanket include th~

mther beaun their mpamdonmchemhq Is uruque, or they Ilav@rwlauvely

I



long half lives. The long-lived TI- com~nent ia separati from the mm of
the uuxtun for further tmnamu~tion w stable h.

● The hdogena Br and f and the noble M A’r and .Yr are Iumpd together
as a mngle volatile Componanh which is recovmd in the initi oxide duao-
lut~on step. The ~aaing d theaa vohile gaeaouamatariah u mdekl m
a aepmmte flowdieet, and w they H not modelal in any greater detad tn
thM one In this model this humped Cornpncnt ic referred to aa the VOLATILE
component.

● Other tm,nsition metal kion pmducta, with * Mpamtioaa chemistry
are lumped togethar ae ● B@Ie ~t mfti to in the mode] M FISSP

● The fission of actimiti in the ~utar ak produme aignifkaat quan.
titiea of ●lements in b Ianthade aeriea. ‘llwae eleUwrM alao genemlly
exhibit almilar pmleae in thair mtiona Chamkry, ad am OMdald
aa ● eingle lumped m~nen~ referred to a9 LABTU.

hluch of the ~tiona chemistry fm this mdd h hd U- b wlutive
extntion of mat&al iato an immiedbla liquid o-c pham Coawquen Uy, this
model includes b following ●dditional chernhl ~ta which am used in
~em ~ -:

● H20,nod watu, d aa ● mlvmt for much of tha wpemtiona cbemktryo

●Imm,dtdca dapreaeattiadjuat UMplfof thaquaouapl!weend aaa
Oompkmaltfbr many d tbo -da aad won pnkduct -ea.

●03, gueoua0am9, udass8parge iathstiuti metsptopromote h
Volatiti d UM VOLATILEamponmtea adaamyl?upment.

● DIPB, di=impmpylhnx#w, the organic advent uad in the liquid ion ex-
change extinction atop fn Pu and .Yp,

. ALIQ,Aliquat 336, ● quaternuy aliphatic amine, disaohd in the DIPB and
uad an tho amonic ton Uz medium



● NH40H, ammonium hydroride, ueed in the aqueous fked to strip TC and I’ti

from the DIPWALIQphase, and to a@st the PII in other parte of the process.

c NPH. a mnemonic for “nomal paraffinic h-b’ wed aa the orgamc
solvent system for the swverae TALSPEABi mpamtion of actinidee km lan-
thanides. In this model, the MPHcom~nant is omdekl am n-dmme.

● HDmP, di-2-ethylherylphosphtic acid, used as the organic estmcwnt m the
reverse TAL5PEAK ~tiotI p~.

● LA~IC, lactic add, umd in COmbinatim with DTPA(biow I to strip the triv-
alentactinidee .4m aad Cm horn the HDEIWHPHphsse in the mvem TALsPt. th

process

. DTPA, diethylene~e~n~cetic acid, alao used in the stipping of triva.
lent ●ctinidas in the revarse TALSPEAKatsp.

● CARBWAT,ammonium carbonatm, ueed to dean and wash the organic solvent
in the rwvUW TALSPEAK~.

● FOIWC, fmmic tid, uaad to mniove ax-es ni(mte fkom the fd to the sw-
VeraeTALSPEAK ~.

M DISCUSSION OF - OPERATIONS

There an k tit qmation models used in the four ~or.u d this model.
‘f’hey includa

● 8 liquid=liquid ~~on mOd61 (E XT RA(’T), used to modd th Soh?alit eX.

tmctioa CbadMMy,

● a atie.am mixw (MIXER), uad to combine the flow of two or mom matenaJ

streams, d

● a mmpo~t ~tor (5E?2), umedto muta fe8d Compneota into two prod=
uct s-- * ampmant split fhctiorum

The mmponocit acpmnwr model SEP2 dies on ueer=supplied ~tem to
define how much of& compownt is directed to mch uit etmam This modol
rehoi httla on phmml ~ dnta and allows the usar to modal ● eepuations
PKKWS WAOW ● detailed de=r@tion of the underi~ physi- or chmn@Y
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The significant reparations chemistry employed in this conmpt for actinide
blanket prmceeaing cotiste primarily of advent extinction procedures. The ASPE\
r L(s flowsheet airnulauon eofiwan provides the baeic unit owmtion model (called
EST RACT ) wed to eirndate the- pmmam. Even without a complete databaee
of phyical prope~ data for all tho compamnta of the nmterial mreame, thi-
model allows the ueer to epeci.fy the Iiquid=liquid distribution coafficiente D, of
*e componenu being eeparatd defined ae

1:,

where :1j. represents the molar concanhtion of ~ I in tbe organic pb,
and [I;Arepreeenta the molar cancentmtion of i ia an equal VOIUBMof “b aque
ow phaae. In this manmr, we an (BmplOyaxpmhmttally ~ *fmmtion
facton along with apdkatione fin the numhr of ~ e flow ratee
ofthaaquwue and WgQnicx, adtbeoraticalst8gaai5a-a tiprwidea
more com@e* modd of the aeparatiom prowm.

The ueer-mpplid distribution coaffiaantaare d km data Mu dorad o-
did; each Wpamtioa proaaa may inpdud#@ d M own M of di8&iMion
coefHcient data. This data ia 8upptiad in an empirial f- * to tkt pIW
eenti by SVaa~ et ala in tbir Table 9. Wing tbia fo~ it is ~lc to
=P-*~ of the distribution adwant on tha add wmwatmtion
in the aqueow pbaw, w that

~ = k, + ka.+mI+ k3Am’
1 + k4,4- + kgAm’‘

(2)

whore D is the distribution coe6kient as ● function of the acid CO~tratAon A,
The empirial 009mdcntak- eadly b detuminod km ~rimental data
using a Iinau Iaa#t equuu 6tting algon~ ona tbe ~neata n, am chwm.
The input MNS for each ~tion pmm9a supph b empirical prametam
kl. kl. ,k, dn~, ., , n$ f- each a-es in b. tw~pbam liquid axtmction eye=
tern.

Inthtmet ofthisncth,w ewilldiamse thep~modal foroti of the
flowehmt eactiom deeuibed in tbe intmktion.

Section 1, Blank Fwi Dieaolutirm. Tbe tlmt eection tibes the ~ng
rcqumd to disadve the oxide feed fmm the tmnnmuter bhnkot, thereby prepar-



Ing it for the extinction pmceaeee ta follow. This section of the flowaheet is de-
picted m Fig. 1. The diamlution pmmae COnsistaof two component eepa.mmr
models, the first (Ialded 01S0 ) of which combines the oxide fed with water and
concentrated nitic ●dd. An oaoneaparga is pmeent to fditste the volatilization
of fbsion-produced rutbenium ha Ru04, - Ref. 1). This model dwe not explic.
ltly treat the additioa of sodium nitite, which is d to djust valences of the
dissolved fission prod- and actinida matmids hince the detailed chemistg
of theee species u not modaled). ln the diaaolution step, any volatile materials
not recoverwi when the D20 waa !w@acd in b ahmy with HaO will be recov-
ered and sent oft’for w w trdmant (aim not modald hare erpliatly). The

dissolved materials are tbn filti (modeled by 8- SEP2pro@aa Iabelled
FILO).The51trata isaantonforfWltar~ hy the IWrt don Oftha now-
sheet, and SJly undiadvod dida (aaund to h - in quanti~) are retained
for occasional, mom ~ve ~ (m modald).

Section 2, Faat Raturn ~ T’heacmd timoftha aowaheet(sae Fig. 2)
~ela the faatraturn loopinwhicb Unr9acd @u~um aad neptunium km
the tnn8muter blankat is mmvaradand mttlmdtotb etmnalnutcr. Lntbiam-

tion, b fiaeion products tachnatium and palladium are * remwred. -
muter blanket matadal axltingthe!kst X&thaflousbatin~DS5
entem this aectim of * kwakt u8ta’88m ml. ‘I’lliaStma miaamtactad
w-nh a t8n-sWga liquid anion axchangQr (tha qua- amine Niquat Mt6) dis-
solved in di-im ~. hhaxtmctilm 8tag9is modaledwithm affl=

aency factor of 0.85, a that tha dktiva distribution -ant fdr ~t
‘“ = 0.95 D,. ~ ASPEN PLUSmtdd ~ta thi@ sMp with ● liquid-liquidI Is Q

extinction uait o~tion x with b ~ LI%RT in t& Uowahao&ad obtains
user-supplied distribti mafBhta born the data filo

All c’tmpnatta p- in tha aquaous fbed are modeld to have ditibution
mdlkienta whiA m inchpedmt oftlM tid ~~ti~ so tit in ~. (2), &l
10a constan~ and ka = ks = k4 = 0, The diatributim coaffiaant for the mmponents
present are given in TaM I Mow.

1
r W t met

I
1 oqafuc

edmchon errmdlon I Iuofuur
1) = 10- 0 =5 D = O.all D s 10-~

DIPB I UP tc au I H20

ALIQUAT I PU : PO I othere 1 Wo3-——-— I



The ra.fhate bom tlus first extracuon step mntains fiemon producte, the tnva-
Ient actmidea. and lantharudea. Tluo strew m diverted to holding veaeels for a
lil&&jy cwl-down @odo after wtuch it ia prttceeeed lC the next -on of the
flowaheet. The organic phaae from the LIXEXTextinction step i. routed to the
first of two stripping etepa, named ACSTRP,which Mkcthely atri~ the actimdes
],, and .Yp ueing a low add concentration wash. Distribution coeffkienta for this
extraction step are obtained from the data file

sulfur. lhommm/rbv/&8pam/atv/u/ALIQS1. dat ,

and these distribution coeffiacnte are aleo modeled to be inde~ndent of the
concentrations of all other species pmeent. The dists+bution coe~aenta for this
step are defined in Table 2.

2,
I oqanic wry weak tld

I
lrere

I
o~nlc

I soluble ●rtmchon rdmctlon rrtmction Iluoluble
i 1 1 1

D = 10- D :!).()] L) =.5 j D =-O.OO1 D = 10-=4
I DIPB m Tc J H20

ALIWATI PU1PD~othen11UI031

The ACSTRPstep ia modeled aa a eeven=sUge Iiquid=liquid ~m ~.
The aqueous exit ~ cxmtdni.ng the meovered 1%and .t”p co~ta, ia di-
recud to a ther’md denkmtion 8tep (DENIT,modeled w ● ccmponent aepamtor),
and the organic edt stream is routed to a mxmd ~ stripping Opinion,
FPS7W, which racovers Tc end IV into ita aqueous dt etmam. Tb constant die-

tmbution coefiiaents for this lk-etage liquid4.iquid extinction model am debed
m the data file

mlf ur: /homoc/rb8/aspen/ atv/mm/ALIQS2.dat.

In the pre~nt mdel, the diatnbution coeffiaen~ for tbia step are debd eo
that the DIPB end ALIOUATcom~nente are eoluble in tbe organic pham (D = Ion t
and all others are insoluble ( D = 10-W), ●ktivoly etripping everything k the

organic phaae

The aqueous emt etream (FS-101 feeds ● calcination step CALCIHE, modehd
ti component sepam~r, which fu~er eeparates the Tc and Pd. eincc the TI

r)



VUkiUhZedas J c:!)- and the l’d component remains m the calcined ash. The
orgaruc exit stream from FPSTRP,now stnp~ of’most of ite blanket matenala,
would be washed penodicdy and recycled aa the organic feed atraam to the
mgtnal LI XEXTstep. ‘f’his walhg ad -ding opemhn 10not modeki m any
detail at present.

from &e blankeL ‘f’be n.t rmdt of the prOma& in tbi~ section ia to produce
t.lmM Ciaseee of maw Strvama, m for tln tivalant acthides aznmlaum and
curium, one fur Mom product mambrs of the Iantbanide eeriee, and one for
other fition produm idudhlg -Um and strontium.

.\ctually, RQf. 1 ~amn’t specify•%ud~ h- this reactiongon, bat a blamed
rtdox pair for niwic/formk acid can k witm to prduce the quacion flC’00# +
?Jf.Y03 - 2J120+COa+2.V02. The actual chemistry is mom complex thM this.

●nd we should pat in ● derenw.

The Chemwty of this denitition -on will be mdolad mom tl%mughly
m b future; ●t -t W tin ● dm~o comfmrbontsapamtar. * ~
mparator simply routas all * f-c W and nitric Sci& and mlM watm to
one exit straam (TS?-2),ad ramaim@ ~nta w tiM otitar (ISF-4), A mall
amount of aitric add ia ~ in fti mtream TS-3, and mid (in HIX~)

wntb the ti~td ~ to @wt tb pH oftbe fkd to the rwerae TALSPEAh
Operatiotu to fdlm.

Thoinitial tipofth@ revON lALSPEAK ~as (ACLMX,a twGctsgQ liquid=
Ilquid extraction UMM) utmcta Ianthade and trivakt wtinido compononta
mto an organic phasa mrhd~ of 1.V ~~ in NM Other fhion pmducta, in-
cluding .~r and f’s, am =t -cd in this step, and - routad (TS-4) for fwther
trea.ment in the find -on of tho aowabaet

Dmtribution am~dmtta for th AC14% step are obtained from the data file

.



sulfw. /homs/rbw/&span/ atw/m/TALEX. dat ,

and these distribution coefflaente are also modelai to be independent of the con.
centrations of aN other species present. The diata5bution coeffkienta for this step
are defined in Table 3.

1.
lll=lo~] D=ml D = O.(M1 D “: 10-M
I WPII ~An,ml H2U I

imnmium~Othml HM03 I

‘he second artmction atap (ACSTRP) ia ● bataga liquid-liquid artraAon

model that semaa to Pref-tiy tip b actbide -ponant9 hm the m-
gfmic dibnt of the pavioua mp (7s-3) by ~tbeorganic phaMwithan

aqueoue waah of O.OSM UI”PA in 1.5.V He acid. ‘h tie wtbidea axit
the fiowsbt aa atraam T’S-7, ~ fw dani=tion ad fhrtk ~ for
feed pmpamtion to tbe ~uter.

~UibutioCi coaf6aente for the ACSTRP@@ ~ obtabd from b data Me

sulfur: /homos/rbw/u~/atw/u/T&S. dat ,
v

and tke distribution cdldenti are in&peudent of the wnwntzations of all
other qmcies preeenL The distribution coeffidenta for this step are defined in
T~ble 4.

4

[ organ:c i Wwng ~ tmce I oqamc

‘D=l(F[
I

D = lLNI \ f) =-o.om I D = 10-m
L

I 1, i I’120

The third ertmtion tip (LNSTW) is alao a -ctage liquid= tiquid extraction
model that strops the lantharude compocmm from the organic ●muant of the



prwioua ACS’TRP step (TS-6) by contnctmg the organic phase with an aqueous
wash of 6,\f nitric ●cid. The stripped lantl~des emt this step in the rafhate
stream TS- 10, which is _ proweeed in the find Wction of the flowaheet

Distribution coefitients for tbe LIKI%Petep are obtained km the data fiie

sulfur: lhomom/rbu/km~/atv/~ /TUS2. dat,

and thee distribution codicients are independent of the COMn~tiOM of all
other epecies pmeut ‘M ditiution cOeffiaeaU for tb.b step are M.ned m
three component cla. ttume which am compietdy ecduble in the organic P-
(NPHand HDDIP),tbe which me ~m#etdy insohshb in b organic phase (HM03,
LACTIC,and H2d),and tlmce which have only trace eohMiW in the organic phase
(D = 0.001, all othm CompMntS).

‘rhebdutfubon - stq) (SOMMI) iss b-m liquid-liquid ~m model
that Washeathe Wgmlic dnrkmt (~ TS”9)km b ~ IYSTWetep with
a 0.5M queOw BOltttim d ~ CmrbOmw.

sulfur : /ho~o/rb/q/atu/n/TUUSH ,dat

In W vemioa ofti modal, the ditibution coefkients fbr this step are tbe same
as far the pmiotm st8p WWTRP).Tbe organic efiluent 8tmam Ts-i2 consists of the
1.!1 HDEPii ia NP~ adissvailable kw rec@e m f- to b origiml Utr8etion
stap ACLRIu ~ TS-2. ~ ~s dt stremm TS-12 is hther treated in
tbo&Ulnctim oftllabw8keL

● TS-7, the rafbata born b TALSPEAli extraction 9tap,

● TS- 10, the rdbate &om ~ TALSPEAK laabanik W’ipping etap, and

● TS-:3, the ~~ fimb tALSPEAh S&’ent W- step.



The combmwJ mean Mfd mm a cakination SUP, modeki eimply on a com-
ponent w~ator (SEP24 which SPWWO the EhO’4W0btdefitim pruducU fmm
the procec~ additivt8 such u lzctic Ad, ammaWm cadmnate, nitric tid, and
DTPA The caldnation SWP da -es as a vOhme rduction opemtim raw=
ing tie water fmm the W* 1’ l@Willg ● I’QhtiVely MMU vol~ of HLW aeh
in the ●xit stream PS-6.

IV. DISCUSSION OF lUA~ ~

MM aow raw fm * ~ta of * mwaid ttsMm in tbe mixnuhtion
arepre8?ntaci intho Mblat& ~~141nthismatioa,wewill
concentaamour~~- = b etimd ~-dtbe W ad tit
9tre8me fbreach MctamoftJao ilm8bet. Notatkt~bwahoot acticmwdl
contain m- stmmmtbt~ dthotkroectiawdtb!l~amd
tom exit ~tb8t-tmiaww15mls mdtaofm ngydeaefdcbwhcre
intha@owaht Noti “ wulb~fminm’891 mawialstmmm19
that in~ ~fJf-e~--

Realltbttbc - ~i8damd tOpOauoa ildl~ofbhnkt
Oxidematddpmlmww,(’ 0tbrflowmto9irltb Simd9tkuul nllelinedy
with this kic input aou *.

BectkmI, Bbkot Fad Dindution btbdkOktiOO _OftbbW-
dtee& J1-tod in Fig. 1, tlmmm—mfkd~

●

●

contd~uid topmmMtotbe d9ganbgofvo18tuo mBt8ru8fkom Lln
bbkatf6e4

adthmeuit8cm9m

●

o

DS-3, m df-gm ~ mmtdahg w9aculoame amiivobtilidcoapcP
nerMsoftheb b8k@tf B8&tiean&80hlm (utiw~), hdo#e88,
imrt gmseL Ud ~bymduetguawchmsv(osoneto~
chemistry u not Eddd howvor),

DS-S,M inta~ Ctm8m =Mining the didd Maket fad Ehm4nrll
thti9pasWd mt0tlmn8xt tiatoftbe fJow8bat, atd

10



● DS-6,a Ctreamamtaining any Undiuotvad blmkot Uwrriab.

No fbrther mddlng u d- fa tho two osit ~ DS-3 and DS-6. Modeling
for off-gu treatmat Will b6 h~tad iIMO fbtUiW pnmu models. In the
present mdol, it is amummd tbt all tbo blaabt f- u rendered soluble in the
ckolution ~ and 60* M-6* ~ is empty.

section20Fast Rmm Lo@p.lnt&*, tberoarcfbur fdstr98m9 8nd
aixait~u UMr8td in P’ig.2mTlMkdstm8nM cOWistof

Fs-1, tha dhdd blmakot mmtdah mivtngkm tho ~otu fhmbmt
Sechn u ~ M-6,

FS-2, tbDCu~hQ@ ~fh@din#thS l:qUidb~@t#P,CO&
mining802MOdtidm d Aliqumt 328 inWmpmpylbnzerbs,

Fs-6,adilata q9mudtItbl oftdtrkadd t&8&ippbg hard
tborgaaicp hspmdnadbytl ntiquidhnachaap~ud

?s-8. ● l.v ammdum~aohisoafbrwihrc Udn

●

●

●

.t’p from

homtb



PS-5 contis tdl otream coqxmems hat will be vaporised W the eprny
cakinntion procoae. These will mchtde, by d- all the process chemi -
cah uti in the 7ALSPEAh p~. In addition, any khnatium not fu!!y

_velWd fromdir ~, may wntamhaatethis stream. If it la
experimentally detm’uhad tit *tium will ba -t in this stream,
additiond straam PoAisbiaagwill be roquird to mdw the teehmtium comp-
onent to an -pts~~ Iav.1. The w8* Va*zd in the pmsas may k
recovered andreqcbd as fdtooarkr ~~.

PS-6 contains tho aah horn tbe U cddnatb sup, i.nduding recovered
Ianthanidas ad other nomohtilo Mm prducta.

Flow Pathway &lmnuri ea. FiMuy, W* ~ in Fig. 6 and Fig. 6 two
tnmslified Vdon, of the ovcdl flowduat for this ~tioa nMIM. in Fig. S,

V. OVEMIL FW~ EVALUATION

‘his bank _ fa the promdng of tln actinidwontainhg bbkots
of an *m*w ~tation Mhem h bad u= ProVCntdlnology!
A mora dataild ~oa of tlm daaign dtoria for this mampt, along with its
advantagoa d dndvarttag9a, u prwmtd in thg mm-on papr, Ref. 1,

Ekveml urmdvd faa~ of tbo tiling of the cwfant bdine concept
includ. ha fol~

c Ned to inc~mta a modal for the off=gas pmaadng, including iodine re=
mvery.

● .N~ to model the hed p~ssing.



● )kod to tmprovo the modeling d the chemistry of manY steps m the procom-
Ing This mcludoe the denitmtion chemistxy in the fmcl ~~tion wage
fur the TALSPEAh opermtioae ad the ddnation chcmmtr’y in eections 2 and
4.

● Need better data on b Iiquid=liquid di8Mmtion coekienm

● Need a mom dddd md Of dvont mcov~ procesws,

● Ned to mdel fd prepum~ of mstarhh rwturnal w the tmrtsmuw

VL Referen-

1. G. D. J~ S. F. Mm& B. F. Smith, S. L Yarbm, M.Yaw,ad R.
B. Walk, %aadiaa Actini&EUaakot ~P’loudwtfor A’fW:la
Alamoa NaSmal Iabmary @ LA4JMMS.

2. 1. Svaaz L Ragmmmg G. Poruoa, ti J, 0. ~ -budoo
Ratios and Em@rial Equmm9 fbr tln mtmctim of Elcm@atain PmEx
High bvd W- ~~” J. lnorg, Nud. Cbm, 41, 3B9-S89 (1979),

Appendix 1. hpai Input Fua

Tho four ASpE~ PLUSinput ah for this mnapt u, stond as

eulfur: /ama/rh/q/htw/m/& maolvo.Imp
eulfur: /bmdtbw/updatw/m/ fut rtm, lap
oulfur: /hene8/rb/ospdMw/rn/to18@. Inp

eultv ● /ho9@s/rbw/08p8a/ -tW/_/pol ~eh. sap

‘h Iiquhl-liquid ~ ~hb-dti-mofw
flowsheet obtdn distribution wdknta km sovard fh, atorad u



sulfur: /homos/rbu/aspoa/ atu/u/Umfi. dst
sulfur: /homo@/rbu/mpaa/ atu/m/ALmX. dat
suAfur:/homos/rbu/~pm/atw/m/UIOS l.dat
-ultur:/homoo/rbu/sopm/atu/~M10S2 .dmt
sulfur:/homoo/rbu/a8pa/atu/m/tiIOX da?

sulfur:/honos/rbu/updatu/n/TALEX .dat
wltur:/hom@a/rbw/upoa/atu/u/TAMl .dst
sulfur:/homot/rbu/-Jp8n/atw/n/TALS2 .dat
sulfur:/homoti/rbw/aap@a/mtw/n/TALUSH .dat

‘h following FORTRAN sourw fh wore und b the A%PES PLls modds for liquid”
liquid extraction:

cuLfur:/homa/rM/up~!/mtw/-wplo8/u~mdt .f
sulfur:/homas/rbw/upa /ctu/m/=8rkll.!
mulfur:/homaa/rbw/upan~atvlfxtdpdxt .f

Lhtingsof theu flh am ●vailable on mqwst.

Appdix 11.hpm StrQam Rapofi Fih
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sulfur. /bomen/rbu/a@pen/ atv/W/=t slb

‘The input apdicatioos for domwtmmm flowdloat time ●Waatically re-

trieves the nded stnam flow cb~ km b info-bon stored in the stream
Iibrmy prior w the ex~tion of dowmtmmn flowsbt -on simulmione.
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